


















































,IGHT  ALKENES  PRODUCED  BY  CATALYTIC  CRACKING  OF  PETROLEUM 
CONTAIN  SIGNI½CANT  AMOUNTS  OF  ALKADIENES  OR  ALKYNES  	 
4YPICALLY  THE ETHYLENE CUTS CONTAIN   TO  OF ACETYLENE 
AND THE PROPENE CUTS  TO  OF PROPYNE AND PROPADIENE 




CONVERTED  TO ALKENES WITHOUT  FURTHER HYDROGENATION OF  THE 
ALKENE  STREAM  0ALLADIUM  IS  SO  FAR  REGARDED  AS  THE  UNIQUE 
METAL  WHICH  HAS  THE  COMMERCIAL  ABILITY  TO  SELECTIVELY 
HYDROGENATE  ALKADIENES  OR  ALKYNES  IN  AN  EXCESS  OF  ALKENES 
AND IT  IS USED IN INDUSTRY FOR GAS AND LIQUIDPHASE SELECTIVE 
HYDROGENATION (OWEVER OLIGOMERS ³GREEN OIL´	 FORM DURING 
HYDROGENATION  OVER  SUPPORTED  0D  CATALYST  WHICH  SHORTENS 
THE RECYCLE TIME AND LIFE OF THE INDUSTRIAL CATALYST -OREOVER 
IF  PALLADIUM  IS  HIGHLY  SELECTIVE  WHEN  THE  CONCENTRATION  OF 






ADDITION OF  A GROUP  )  " METAL  TO  0D  CATALYSTS  INCREASES  THE 
SELECTIVITY OF ACETYLENE HYDROGENATION  TO ETHYLENE  REDUCES 
THE  YIELD  OF  ³GREEN  OIL´  AND  IMPROVES  THE  PROPERTIES  OF 
TRADITIONAL 0D CATALYSTS 	 
/N  THE  OTHER  HAND  THE  FEW  STUDIES  PERFORMED  OVER 
SUPPORTED GOLD CATALYSTS SHOWED THAT GOLD WAS HIGHLY EF½CIENT 





ACTIVE  IN  #/  OXIDATION  AT  ROOM  TEMPERATURE  OR  BELOW  24 
PROVIDING THAT SMALL GOLD PARTICLES COULD BE PREPARED (ENCE 
THE  ½RST  STUDIES  PUBLISHED  WERE  PERFORMED  WITH  CATALYSTS 
CONTAINING LARGE GOLD PARTICLES UP TO  NM	 )N SPITE OF THAT 
"OND  AND 7ELLS  REPORTED  THAT  GOLD  SUPPORTED  ON  ALUMINA 
AND  BOEHMITE  HYDRATED  ALUMINA	  WAS  ABLE  TO  SELECTIVELY 
HYDROGENATE  BUTADIENE  INTO  BUTENES  WITHOUT  BUTANE 
FORMATION BETWEEN  AND # -ORE RECENTLY /KUMURA 
AND  (ARUTA  	  REPORTED  A  STUDY  PERFORMED  ON  A  SERIES  OF 
GOLD CATALYSTS SUPPORTED ON VARIOUS SUPPORTS ALUMINA TITANIA 








MG    DTYPE	  AND  ZIRCONIA  2HODIA   MG	 WERE  USED 




DEPOSITIONPRECIPITATION  WITH  UREA  $05	  AS  DESCRIBED 
PREVIOUSLY  	 IMPREGNATION IN EXCESS OF SOLUTION )%	 AND 
ANIONIC  ADSORPTION  !!	  	  &OR  EACH  PREPARATION    G  OF 
SUPPORT AND  MG OF (!U#L(/ WERE USED  IN ORDER  TO 
ACHIEVE A NOMINAL GOLD LOADING OF  WT 
4HE  CATALYSTS  WERE  PREPARED  BY  DEPOSITIONPRECIPITATION 
WITH UREA  $05	 AS DESCRIBED PREVIOUSLY   	 USING 4I/ 





POTENTIAL  NITROGENCONTAINING  LIGAND  FOR  GOLD  SOME  CARE 
MUST BE USED REGARDING THE POSSIBLE FORMATION OF FULMINATING 




NOT  SHOW  ANY  !G#L  PRECIPITATION  4HE  SAMPLES  WERE  THEN 
DRIED UNDER VACUUM AT 24 FOR  H RESULTING IN ±ASPREPARED² 
SAMPLES  &OR  COMPARISON  ONE  !U!L/  SAMPLE  WAS  KEPT 
UNWASHED
!U!L/ SAMPLES WERE PREPARED BY IMPREGNATION IN EXCESS 
OF  SOLUTION  )%	    G  OF  SUPPORT  WERE  WETTED  WITH    M, 
OF  WATER  4HEN  A    M,  SOLUTION  OF  (!U#L(/ 




!U!L/  SAMPLES  WERE  PREPARED  BY  ANIONIC  ADSORPTION 
!!	 !  M, AQUEOUS SOLUTION CONTAINING G OF SUPPORT 
WAS HEATED TO # 4HEN A  M, SOLUTION OF (!U#L(/ 




!FTER  DRYING  ALL  THE  SAMPLES  WERE  STORED  AT  24  UNDER 
VACUUM IN A DESICCATOR AWAY FROM LIGHT IN ORDER TO PREVENT 
ANY UNCONTROLLED  REDUCTION OF GOLD  	  4HE COLOUR OF  THE 
CATALYSTS  DEPENDED  ON  BOTH  THE  NATURE  OF  THE  SUPPORT 
ORANGE  WITH  ALUMINA  YELLOW  WITH  CERIA  LIKE  CERIA	  AND 
WHITE  FOR  ZIRCONIA  AND  TITANIA  FOR  $05  SAMPLES	  AND  THE 
PREPARATION  METHOD  WITH  ALUMINA  ORANGE  BY  $05  AND 
YELLOW FOR )% AND !!	 
"EFORE  CHARACTERISATION  AND  REACTION  THE  GOLD  CATALYSTS 
WERE  REDUCED UNDER ( AT #   M,MIN
 #MIN 








ALSO  PERFORMED  OVER  GOLD  CATALYSTS  CONTAINING  SMALL  GOLD 
PARTICLES    NM  IN  !U!L/  PREPARED  BY  DEPOSITION
PRECIPITATION	  	  "ELOW #  IN BATCH  REACTOR  GOLD WAS 
ABLE  TO  HYDROGENATE  ACETYLENE  INTO  ETHYLENE  WITH   
SELECTIVITY  4HE  SAME  TYPE OF  RESULTS WAS  THEN  REPORTED  FOR 
!U4I/  IN  A  CONTINUOUS  ¾OW  REACTOR  	  4HE  CATALYST 
CONTAINING LARGE GOLD PARTICLES  NM IMPREGNATION METHOD	 
SHOWED  MUCH  LOWER  ACTIVITY  THAN  THAT  CONTAINING  SMALL 
PARTICLES   NM GRAFTING OF  A GOLD PHOSPHINE PRECURSOR	 
WHICH SHOWED  CONVERSION AT # WITH A SELECTIVITY 
HIGHER  THAN    !  PAPER  ON  SELECTIVE  HYDROGENATION  OF 
PROPYNE  WAS  ALSO  PUBLISHED  	  SHOWING  AGAIN  EXCELLENT 
SELECTIVITIES WITH !U4I/ D!U   NM	 AND !U&E/ CATALYSTS 
D!U   NM	 




BY  DEPOSITIONPRECIPITATION  D!U    NM	  	  0EREZ2AMIREZ 
ET AL OBSERVED HIGH SELECTIVITY TO PROPENE  AT #	 
EVEN AT HIGH CONVERSION  	 4HE PRESENCE OF ADDITIONAL 









ALKYNES  AND  ALKADIENES  IN  ALKENES  WE  CHOSE  THAT  OF  
BUTADIENE IE THE ISSUE OF THE PURI½CATION OF A # CUT BECAUSE 




HYDROGENATION  OF  BUTADIENE  FROM  THAT  ARISING  FROM  THE 
HYDROGENATION OF THE ALKENE IN EXCESS WE CHOSE TO STUDY THE 





NATURE OF  THE  CATALYSTS  NATURE OF  THE  SUPPORT  GOLD PARTICLE 
SIZE GOLD LOADING METHOD OF PREPARATION	 WERE INVESTIGATED 






TO  #    'AS  ANALYSIS  AT  THE  OUTLET  OF  THE  REACTOR  WAS 
PERFORMED EVERY  MIN  IE EVERY # BETWEEN  AND 
# )T WAS CHECKED THAT WITH THE SLOW HEATING RATE CHOSEN 
THE  REACTION  RATE  WAS  AT  THE  EQUILIBRIUM  AT  LEAST  AT  LOW 
TEMPERATURES SINCE DEACTIVATION OCCURS AT HIGHER TEMPERATURE 
7HEN # WAS REACHED THE REACTOR WAS GRADUALLY COOLED 
AND  OTHER  MEASUREMENTS  WERE  PERFORMED  AT  DECREASING 
TEMPERATURE              AND  #  TO 
EVALUATE POSSIBLE DEACTIVATION OF THE CATALYSTS 4HE ANALYSIS OF 




AND  PRODUCTS  WERE  CALIBRATED  USING  SEVERAL  GAS  MIXTURES 
3OFTWARE  7INILAB    WAS  USED  FOR  DATA  ACQUISITION  AND 
EXTRACTION  OF  THE  CONCENTRATIONS  OF  THE  DIFFERENT  GASES 
DETECTED  4ITANIA  AND  ALUMINA  ALONE  DID  NOT  SHOW  ACTIVITY 
ONLY    PPM  OF  BUTADIENE  BEING  HYDROGENATED  AT  # 
4ESTS  WERE  ALSO  MADE  TO  CHECK  THAT  UNDER  THE  CATALYTIC 








ENERGY  MEASURED  FROM  THE  !RRHENIUS  PLOT  LNACTIVITY	 
VERSUS 4 4/& EXPRESSED PER SURFACE GOLD ATOM WAS ESTIMATED 
AS  FOLLOWS    4/&  ACTIVITY#$-!U  4HE  DISPERSION  $  WAS 
DEDUCED FROM THE VOLUMIC AVERAGE GOLD PARTICLE DAV	 MEASURED 




4HE  GOLD  LOADINGS  AND  AVERAGE  GOLD  PARTICLE  SIZE  OF  THE 
SAMPLES  REDUCED AT # ARE  REPORTED  IN 4ABLES   4HE 







TITANIA  PREPARED  BY  DEPOSITIONPRECIPITATION  WITH  UREA  WAS 
FULLY  REDUCED  INTO METALLIC GOLD AFTER  REDUCTION UNDER ( AT 
# 	 WITH NO DETECTABLE TRACES OF !U))) OR !U) 4HE 402 
PRO½LES  REPORTED  IN  &IGURE    CON½RM  THAT  GOLD  IS  REDUCED 
BELOW  #  4HEY  ALSO  SHOW  THAT  THE  REDUCIBILITY  OF  GOLD 
DEPENDS ON THE NATURE OF THE SUPPORT IN AGREEMENT WITH THE 
SAME FORMER STUDY 	 AND ALSO ON THE PREPARATION METHOD 
4HE  TEMPERATURES  CORRESPONDING  TO  THE  MAXIMUM  OF  THE 
REDUCTION PEAKS WAS AROUND # FOR !U4I/ # FOR !U




SPECTROSCOPY  AT  THE  #.23  #ENTER  OF  #HEMICAL  !NALYSIS 




PROGRAMMED  REDUCTION  402	  IN  A  QUARTZ  GAS  ¾OW  REACTOR 
FROM  ROOM  TEMPERATURE  TO  #  WITH  A  HEATING  RATE  OF 
#MIN UNDER A STREAM OF  VV ( IN ARGON TOTAL ¾OW 
RATE   M,MIN	 AT ATMOSPHERIC PRESSURE  4HE AMOUNT OF 
THE  HYDROGEN  CONSUMED  WAS  MEASURED  WITH  A  THERMAL 
CONDUCTIVITY DETECTOR 
4%-  ANALYSIS  WAS  PERFORMED  USING  A  *%/,  *%-  #8  )) 
MICROSCOPE  OPERATING  AT    K6  'OLD  PARTICLE  SIZE 
MEASUREMENT  WAS  PERFORMED  USING  )4%-  SOFTWARE  ON 
DIGITIZED  MICROGRAPHS  .OTE  THAT  PARTICLES  WERE  MEASURED 
ONE BY ONE AND NOT AUTOMATICALLY 4HE LIMIT OF SIZE DETECTION 
WAS ABOUT  NM BUT IT WAS EASIER TO MEASURE GOLD PARTICLES 















4HE  SAMPLE COMPARTMENT OF  THE CELL WAS ½LLED WITH  THE AS




THEN  PURGED  WITH  (E  BEFORE  INTRODUCTION  OF  A  MIXTURE 
CONTAINING  OF    VV  #/  IN  (E  !  REFERENCE  SPECTRUM  WAS 




CATALYST  SIEVE  FRACTION    M	  IN  A  PLUG  ¾OW 





WERE  COOLED  TO  ROOM  TEMPERATURE UNDER PURE (  AND  THE 
REACTION MIXTURE CONSISTING OF  BUTADIENE  PROPENE 
AND   HYDROGEN WAS  INTRODUCED WITH  A  ¾OW  RATE  OF   






THE  OTHER  SAMPLES  AND  CORRESPONDS  TO  THE  SIMULTANEOUS 
REDUCTION  OF  !U)))  AND  CERIA  SURFACE  SUPPORT  AS  ALREADY 






SIZE  ^  NM	  WHATEVER  THE  SUPPORT  4ABLE  	  4HE  GOLD 






        !VERAGE GOLD       
    ,OADING WT 	   !CTIVATION  PARTICLE SIZE NM	  !CTIVITY AT #  4/& AT #
  #ATALYSTS  !U  #L  'AS  4EMP #  !RITHMETIC  6OLUMIC  MOLS G!U
	   S	
            MEAN  MEAN
  !U4I/ $05      !IR     	
      
  !U4I/ $05      !IR     	      
  !U4I/ $05      !IR     	      
  !U4I/ $05      (     	      
  !U4I/ $05      (     	      
  !U4I/ $05      (     	      
  !U!L/ $05 BATCH      (     	      
  !U!L/ $05 BATCH      (     	      
  !U!L/ $05 BATCH      (     	      






     ,OADING WT 	   !VERAGE GOLD PARTICLE SIZE NM	  !CTIVITY AT #  4/& AT #
  #ATALYSTS  !U  #L  !RITHMETIC  6OLUMIC  MOLS G!U
	   S	
        MEAN  MEAN
  !U!L/ $05 WT        	
      
  !U!L/ $05 WT        	      
  !U!L/ $05 WT        	      
  !U4I/ $05 WT        	      






     ,OADING WT 	   !VERAGE GOLD PARTICLE SIZE NM	  !CTIVITY AT #  4/& AT #
  #ATALYSTS  !U  #L  !RITHMETIC  6OLUMIC  MOLS G!U
	   S	
        MEAN  MEAN
  !U4I/ $05       	
      
  !U!L/ $05       	      
  !U:R/ $05       	      













THE  LOW  !U!U  COORDINATION  NUMBER  INDICATED  THAT  THE 
AVERAGE GOLD PARTICLE SIZE WAS LESS THAN  NM 	 
/NE CAN NOTE THAT WHEN THE SAMPLES CONTAIN CHLORIDES 
UNWASHED $05	  ANDOR  ARE PREPARED BY  ANOTHER METHOD 
THAN  $05  !!  AND  )%  4ABLE  	  THE  GOLD  PARTICLES  ARE 
LARGER  FOR  THE  SAME  CONDITIONS  OF  REDUCTION  2ATHER  SMALL 
GOLD  PARTICLES  ARE  NEVERTHELESS  OBTAINED  UNDER  HYDROGEN 
WHICH  IS  NOT  THE  CASE  WHEN  A  CALCINATION  TREATMENT  IS 
APPLIED 	 






SINGLE  NARROW  AND  SYMMETRIC  BAND  AT    CM  WHICH 
TYPICALLY  CORRESPONDS  TO  #/  ADSORBED  ON  LOW  COORDINATION 
!U  SITES  OF  METALLIC  GOLD  SURFACES  	  4HE  )%  CATALYST 
SHOWS  A  LOW  INTENSE  AND  BROAD  #/  BAND  AT  MUCH  LOWER 
ENERGY  CM  )T MAY BE ATTRIBUTED TO #/ ADSORBED ON 
NEGATIVELY CHARGED GOLD CLUSTERS DUE TO CHARGE TRANSFER 	 
4HE  NEGATIVELY  CHARGED  GOLD  SPECIES  MAY  ARISE  FROM  THE 
PRESENCE OF CHLORIDES EITHER ON THE ALUMINA SUPPORT CLOSE TO 
THE  PARTICLE  OR  MAYBE  EVEN  ON  THE  GOLD  PARTICLE  ITSELF  AS 
REPORTED  IN  RECENT  PAPERS    	  !  SECOND  BAND  LESS 
INTENSE AT  CM MAY BE ATTRIBUTED TO #/ ADSORBED ON 
POSITIVELY  CHARGED  !UD  SPECIES  OF  ELECTRODE½CIENT  GOLD 






THE  WHOLE  BUTADIENE  HAS  BEEN  CONVERTED  INTO  BUTENES 
WITHOUT FORMATION OF BUTANE LESS THAN  PPM	 AND WITHOUT 






        !VERAGE GOLD       
    ,OADING WT 	   !CTIVATION  PARTICLE SIZE NM	  !CTIVITY AT #  4/& AT #
  #ATALYSTS  !U  #L  'AS  4EMP #  !RITHMETIC  6OLUMIC  MOLS G!U
	   S	
            MEAN  MEAN
  !U!L/ $05 UNWASHED    ND  (     	
      
  !U4I/ )%      (     	      
  !U!L/ )%      (     	      

























































IN  THE GAS  ¾OW /NE  CAN  ALSO NOTE  THAT  AT ^# AND  AT 
# THE AMOUNT OF BUTANE PRODUCED IS ABOUT  TIMES 
AS  LOW AS  THAT OF PROPANE  IE  THE PROPANEBUTANE RATIO  IS 





&IGURE    ALSO  SHOWS  THAT  BUTENE  IS  THE MAIN  PRODUCT 
AND  THAT  THE  PERCENTAGES  IN  THE  DIFFERENT  BUTENES  VARY  AS 
FOLLOWS  BUTENE    CISBUTENE    TRANSBUTENE  4HEIR 
PROPORTIONS CHANGE WITH TEMPERATURE WITH A SLIGHT DECREASE 




WAS  OBSERVED  WITH  ALL  THE  GOLD  CATALYSTS  PRESENTED  IN  THIS 
STUDY THEREFORE FOR THE SAKE OF CLARITY THEY ARE NOT REPORTED 
IN THE FOLLOWING ½GURES
4HE  CATALYTIC  PROPERTIES  OF  GOLD  SUPPORTED  ON  DIFFERENT 
OXIDES  4I/  !L/  :R/  AND  #E/ WERE  COMPARED  4HESE 
SAMPLES  WERE  PREPARED  BY  THE  SAME  $05  METHOD  THEY 
CONTAIN   WT  !U  AND  NO  DETECTABLE  CHLORIDES  AND  THEIR 
GOLD PARTICLE SIZE IS ALMOST THE SAME ABOUT  NM AFTER THE 
SAME ACTIVATION STEP UNDER ( AT # 4ABLE 	 &IGURE  
SHOWS  THAT  THE  CURVES  OF  CONVERSION  OF  BUTADIENE  VERSUS 
TEMPERATURE ARE ALMOST SUPERIMPOSED EXCEPT MAYBE FOR !U
#E/ WHICH SEEMS TO BE SLIGHTLY MORE ACTIVE BUT ITS ACTIVITY 
AT  #  IS  ROUGHLY  THE  SAME  AS  THAT  OF  THE  OTHER  SAMPLES 
4ABLE  	  4HE  SELECTIVITIES  TO  BUTENES  AND  ALKANES  ARE 






BETWEEN  THOSE  MEASURED  AT  INCREASING  TEMPERATURE  FULL 
SYMBOLS	  AND  THOSE  MEASURED  AT  DECREASING  TEMPERATURE 
ISOLATED  OPEN  SYMBOLS	  INDICATING  CATALYST  DEACTIVATION 
4HESE DIFFERENCES VARY FROM ONE CATALYST TO ANOTHER GOLD ON 


































































































































































































CATALYSTS  ACTIVATED  UNDER  (  IE  CONTAINING  METALLIC  GOLD 
&IGURE   SHOWS  THAT  THE  THREE ASPREPARED !U4I/ !U#E/ 
AND !U!L/ CATALYSTS ARE LESS ACTIVE THAN THE CATALYSTS ACTIVATED 
UNDER ( )NSTEAD OF SHOWING AN ACTIVITY FROM ^# AS IN THE 
CASE OF  THE  REDUCED  SAMPLES  THEY BECOME ACTIVE AT HIGHER 
TEMPERATURE      AND  #  RESPECTIVELY  4HESE  RESULTS 
COMBINED TO THE RESULTS OF 402 IE THE TEMPERATURES AT WHICH 
GOLD STARTS REDUCING &IGURE 	 AND TO THE FACT THAT THE REACTANT 




IE  DEEP  VIOLET  FOR  !U4I/  DARKBROWN  FOR  !U#E/  PINK
PURPLE  FOR !U!L/ ARE ALSO AN  INDICATION THAT GOLD  REDUCES 
DURING REACTION 



















THE CONDITIONS OF  ACTIVATION !  SET OF  SAMPLES WITH DIFFERENT 
GOLD PARTICLE SIZES WAS OBTAINED WITH $05 SAMPLES SUBMITTED 







&IGURE    ALSO  SHOWS  THAT  THE  PREPARATION METHOD HAS  A 
STRONG IN¾UENCE ON THE ACTIVITY SINCE THE SAMPLES PREPARED 
BY  IMPREGNATION  IN  EXCESS  OF  SOLUTION  )%	  AND  ANIONIC 
ADSORPTION  !!	  PROVIDE  LESS  ACTIVE  CATALYSTS  THAN  THOSE 
PREPARED BY DEPOSITIONPRECIPITATION WITH UREA FOR THE SAME 
GOLD PARTICLE SIZES AND SIZE DISTRIBUTION 4ABLE 	 4HIS IS ALSO 
THE  CASE  FOR  THE  UNWASHED  $05  SAMPLE  WHICH  CONTAINS 
CHLORIDES  AS  DO  THE  )%  AND  !!  SAMPLES  4HE  SELECTIVITY  IS 














THE HYDROGENATION OF PROPENE  	 WAS  ALSO  INVESTIGATED 
OVER A $05 !U!L/ CATALYST  WT 	 &IGURE B SHOWS THAT 





OF  HYDROGENATION BUT MUCH  LESS  THAN PALLADIUM 4HE GOLD 
ACTIVITY  WAS  AROUND    MOLSG!U
  AT  #  4ABLES  	 
WHEREAS FOR EXAMPLE THAT OF PALLADIUM IN HYDROGENATION OF 
ACETYLENE  IS  ABOUT    MOLSG0D














0.9 wt % Au
1.7 wt % Au
3.1 wt % Au























































































!G0D!L/  CATALYST  IS    MOLS
G0D
  AT  #  	  4O 
INCREASE THE EF½CIENCY OF GOLD CATALYSTS TO SOME EXTENT IT IS 





TO  THE  FACT  THAT  GOLD  HARDLY  DISSOCIATES  MOLECULAR  (  AS 
ESTABLISHED  EXPERIMENTALLY  AND  THEORETICALLY  	 





PROPERTY  TO  LOCALLYRELAXED  SURFACE  FEATURES  LIKE DEFECTS /N 
THIN GOLD ½LM DEPOSITED ON PYREX GLASS 3TOBINSKI ET AL 	 
ALSO  FOUND  THAT  (  CAN  DISSOCIATIVELY  CHEMISORB  PROVIDING 
THAT THE THIN GOLD ½LM WAS DEPOSITED AT LOW TEMPERATURE  
+	 AND WAS NOT SINTERED AFTERWARDS 4HEY CONCLUDED THAT ( 
CHEMISORPTION  OCCURRED  ONLY  ON  SURFACE  ATOMS  OF  LOW 
COORDINATION NUMBER 4HEN :ANELLA ET AL 	 PROPOSED THAT 
THE  ACTIVITY  OF  GOLD  CATALYSTS  IN  SELECTIVE  HYDROGENATION  OF 
CROTONALDEHYDE WAS DETERMINED BY THE DISSOCIATION STEP OF 
MOLECULAR HYDROGEN WHICH WAS THE RATELIMITING STEP -ORE 
RECENTLY  COMBINED  EXPERIMENTS  OF  8!&3  (  CHEMISORPTION 
AND ($ EXCHANGE HAVE PROVEN THAT HYDROGEN DISSOCIATIVELY 
ADSORBS ON THE GOLD PARTICLES OF !U!L/ CATALYSTS PREPARED 










ABOVE PROVIDE  A  GOOD  INDICATION  THAT  GOLD MUST  BE  IN  THE 
METALLIC STATE TO BE ACTIVE AND THAT WHEN GOLD IS  INITIALLY IN 
CATIONIC  FORM  IT  REDUCES UNDER  THE  REACTANT  STREAM BEFORE 
REACHING # 4HE FACT THAT GOLD MUST BE METALLIC TO BE 
ACTIVE WAS IMPLICITLY ASSUMED BY THE AUTHORS WHO PUBLISHED 
PAPERS  ON  SELECTIVE  HYDROGENATION  OVER  GOLD  CATALYSTS 













4HE  ADVANTAGE  OF  THE  LOW  HYDROGENATING  ACTIVITY  OF  GOLD 
COMPARED  TO  PALLADIUM  OR  PLATINUM  IS  THAT  GOLD  IS  VERY 
SELECTIVE  AS  ALREADY MENTIONED  IN  THE  )NTRODUCTION  4HIS  IS 
CON½RMED BY THE RESULTS REPORTED IN THIS PAPER &OR INSTANCE 
&IGURE  SHOWS THAT THE GOLD CATALYSTS ARE VERY SELECTIVE FOR 
THE  HYDROGENATION  OF  BUTADIENE  INTO  BUTENES  EVEN  IN  THE 
PRESENCE OF AN EXCESS OF PROPENE  TIMES HIGHER	 5NDER 
OUR EXPERIMENTAL CONDITIONS IT IS POSSIBLE TO TRANSFORM  
OF  THE  BUTADIENE  INTO  BUTENES  WITH  ONLY  TRACES  OF  BUTANE 
FORMED  PPM	 AT ^ # AND ONLY ^  PPM OF PROPENE 
HYDROGENATED  %VEN  AT  HIGHER  TEMPERATURE  UP  TO  #	 
THE CONVERSION OF PROPENE AND BUTENES INTO ALKANES REMAINS 




HIGHER  THAN  THOSE  OBTAINED  WITH  PALLADIUM  CATALYSTS  %VEN 
WITH BIMETALLIC 0D CATALYSTS WHICH ARE SUPPOSED TO BE MUCH 
MORE  SELECTIVE  THAN MONOMETALLIC  0D CATALYSTS  SELECTIVITIES 
ARE NOT AS GOOD AS FOR GOLD CATALYSTS &OR INSTANCE :HU ET AL 
	  REPORTED  THAT  THE  CONVERSION  OF  ETHYLENE  INTO  ETHANE 
OVER A BIMETALLIC 0D!G CATALYST WAS ALREADY EQUAL TO  AT 
THE  LOWEST  TEMPERATURE  FOR  WHICH    CONVERSION  OF 
ACETYLENE  WAS  JUST  REACHED  !  FEW  DEGREES  ABOVE  THIS 
TEMPERATURE SELECTIVITY DRASTICALLY DROPPED
4HE  SLIGHTLY  HIGHER  ACTIVITY  OF  GOLD  CATALYSTS  IN 
HYDROGENATION  OF  BUTADIENE WHEN  PROPENE WAS  REMOVED 
FROM THE REACTION MIXTURE &IGURE 	 INDICATES A COMPETITION 
OF  ADSORPTION  BETWEEN  PROPENE  AND  BUTADIENE  ANDOR 
HYDROGEN ON THE GOLD SURFACE SITES )T SEEMS THAT ADSORBED 
PROPENE  LIMITS  THE  ACCESS  OF  THE  GOLD  SITES  TO  THE  OTHER 
REACTANTS (OWEVER PROPENE ADSORPTION  IS PROBABLY WEAK 
OTHERWISE BUTADIENE HYDROGENATION WOULD BE INHIBITED *IA 









ACETYLENE  CARRIED  OUT  BY  *IA  ET  AL  	  AND  OF  HYDROGENATION 
OF  BUTADIENE  PERFORMED  BY  3ILVESTRE!LBERO  ET  AL  	 
BOTH  OVER  !U!L/  SHOW  THE  SAME  FEATURES  4HE  STRONGER 
ADSORPTION ON PALLADIUM OF ACETYLENEBUTADIENE THAN ETHYLENE
BUTENES  INHIBITS  THE  ADSORPTION  OF  ALKENES  AND  THEREFORE 
THEIR  HYDROGENATION  WHICH  RESULTS  IN  A  HIGH  SELECTIVITY  TO 
PARTIALLY  HYDROGENATED  PRODUCTS  )N  CONTRAST  IN  THE 
ABSENCE OF ACETYLENEBUTADIENE ETHYLENEBUTENES ARE READILY 
HYDROGENATED  !S  A  CONSEQUENCE  AS  LONG  AS  ALKENES  AND 
ALKYNESALKADIENES ARE BOTH PRESENT ON PALLADIUM SURFACES THE 
LATER  ARE PREFERENTIALLY  HYDROGENATED  INTO  ALKENES  BUT WHEN 
ALMOST  ALL  THE  ALKYNESALKADIENES  ARE  HYDROGENATED  ALKENES 
CAN  ADSORB  AND  REACT  WITH  A  MUCH  HIGHER  RATE  THAN  THE 
'OLD "ULLETIN    
REMAINING  ALKYNESALKADIENES  LEADING  TO  A  COLLAPSE  OF  THE 
SELECTIVITY  4HE  SELECTIVITY  OF  PALLADIUM  CATALYSTS  THEREFORE 
RESULTS  FROM  A  COMPETITION  OF  ADSORPTION  BETWEEN  THE  TWO 
TYPES OF MOLECULES 
)F GOLD CATALYSTS BEHAVED ON THE SAME PRINCIPLE ONE SHOULD 
OBSERVE  THE  FORMATION  OF  HIGH  AMOUNTS  OF  ALKANES  WHEN 
BUTADIENE  IS  ABSENT  FROM  THE  REACTION  MIXTURE  (OWEVER 
½GURE B SHOWS NO DIFFERENCE IN REACTIVITY OF PROPENE WHETHER 





CONCLUDED  THAT  THE  TWO  REACTIONS  OF  HYDROGENATION  OF 
BUTADIENE AND OF ALKENES ARE BARELY RELATED ONE TO THE OTHER 
THEY TAKE PLACE IN TWO DIFFERENT RANGES OF TEMPERATURES LOW 










BUTENE  TO  THE  HIGH  0AULING  ELECTRONEGATIVITY  OF  METALLIC 
GOLD &IGURE  WHICH REPORTS THE EVOLUTION OF THE PERCENTAGES 
VERSUS  REACTION  TEMPERATURE  SHOWS  THAT  THE  PRODUCT 
DISTRIBUTION  VARIES  OVER  THE  WHOLE  TEMPERATURE  RANGE  OF 
REACTION AND THAT AS TEMPERATURE INCREASES PART OF BUTENE 
GRADUALLY  TRANSFORMS  MAINLY  INTO  TRANSBUTENE  WHICH  IS 
THERMODYNAMICALLY THE MOST STABLE BUTENE 4HE FACT THAT THIS 
PHENOMENON  OCCURS  AT  ANY  TEMPERATURE  AND  THAT  THE 
AMOUNT OF TRANSBUTENE GRADUALLY INCREASES AS TEMPERATURE 
INCREASES  IS  AN  INDICATION  THAT  THE  CHANGE  IN  PRODUCT 
DISTRIBUTION  RESULTS  FROM  ISOMERISATION  OF  BUTENE  TO  
BUTENES 4HIS  IS CON½RMED BY THE FACT THAT  )NAMI ET AL  	 
WHO  SPECI½CALLY  STUDIED  THE  REACTION  OF  ISOMERISATION  OVER 
UNSUPPORTED GOLD MICROSPHERES   M	 OBSERVED THE 
ISOMERISATION  OF  BUTENE  TO  BUTENES  UNDER  HYDROGEN  AT 
#  /KUMURA  ET  AL  	  ALSO  REPORTED  EXPERIMENTS 
INDICATING THAT BUTENE ISOMERISES TO BUTENES IN ( STREAM 
4HIS  PHENOMENON  OF  ISOMERISATION  NOT  ONLY  INDICATES  THAT 
ALKENE  ADSORBS  ON  GOLD  PARTICLES  SPECI½C  ADSORPTION 
MEASUREMENTS PERFORMED BY *IA ET AL 	 ALSO PROVED IT	 BUT 
ALSO SHOWS THAT GOLD IS ABLE TO BREAK #( BONDS
!GAIN  THE  BEHAVIOUR  OF  GOLD  CATALYSTS  IS  DIFFERENT  FROM 
THAT  OF  PALLADIUM  7ITH  PALLADIUM  BUTENE  REMAINS  THE 
MAIN  PRODUCT  AS  LONG  AS  BUTADIENE  CONVERSION  HAS  NOT 














































































































ISOMERISATION  SUDDENLY  OCCURS  AND  BUTENE  TRANSFORMS 
TO TRANSBUTENE WHICH BECOMES THE MAIN BUTENE AND TO 
CISBUTENE  	  7ITH  GOLD  BUTENE  IS  ALWAYS  THE  MAIN 
PRODUCT  IN SPITE OF SLIGHT  ISOMERISATION .OTE THAT BUTENE 










ALUMINA  AND  BOEHMITE  WAS  ACTIVE  WHEREAS  GOLD  ON  A
ALUMINA AND SILICA WAS INACTIVE IN HYDROGENATION OF BUTADIENE 
AT  #  .OTE  THAT  THESE  SAMPLES  WERE  PREPARED  BY 
IMPREGNATION    WT  OF  !U	  AND  EXHIBITED  A  BROAD 
DISTRIBUTION OF PARTICLE  SIZES UP  TO  NM WITH  THE  LARGEST 
POPULATION  OF  SIZE  IN  THE    NM  RANGE  /UR  RESULTS  ARE 
HOWEVER  IN AGREEMENT WITH  THOSE OF  A MORE  RECENT  STUDY 
PERFORMED  BY  (ARUTA´S  TEAM  	  4HEY  DID  NOT  OBSERVE  A 
SIGNI½CANT DIFFERENCE BETWEEN GOLD CATALYSTS SUPPORTED ON 
ALUMINA  SILICA  OR  TITANIA  IN  SELECTIVE  HYDROGENATION  OF 
BUTADIENE 
4HE  ABSENCE  OF  OXIDE  SUPPORT  EFFECT  ON  THE  CATALYTIC 
ACTIVITY  AND  SELECTIVITY  IS  A  GOOD  INDICATION  THAT  THE 
HYDROGENATION OF ALKENES ONLY OCCURS ON THE GOLD PARTICLES 
AND  THAT  THE  SUPPORT  DOES  NOT  DIRECTLY  PARTICIPATE  TO  THE 
REACTION 4HIS IS IN CONTRAST WITH REACTIONS OF OXIDATION SUCH 
AS #/ OXIDATION )N REACTIONS OF OXIDATION OXYGEN ACTIVATION 
POSSIBLY  OCCURS  ON  THE  OXIDE  SUPPORTS  WHEN  THEY  ARE 
REDUCIBLE  OR  AT  THE  GOLDSUPPORT  INTERFACE    	  )N 
CONTRAST IN THE CASE OF HYDROGENATION AS MENTIONED ABOVE 
LOW COORDINATION  SITES ON GOLD PARTICLES  CAN DISSOCIATE ( 
4HEREFORE  A  DIRECT  INVOLVEMENT  OF  THE  SUPPORT  IS  NOT 







FROM  TO  NM 4HIS VARIATION  IS  SMALL COMPARED WITH  THAT 











/NE CAN NOTE  AGAIN  THE DRASTIC DIFFERENCE WITH  0D!L/ 
CATALYSTS FOR WHICH THE 4/& ALSO EXPRESSED PER SURFACE ATOM 
LINEARLY  INCREASED  BY  A  FACTOR  OF    FOR  0D  PARTICLE  SIZES 
INCREASING FROM  TO  NM 	 







CHLORINE  WHICH  POISON  THE  GOLD  CATALYSTS  AND  MUST  BE 
ELIMINATED WAS ALSO REPORTED BY /KUMURA ET AL 	 4HEY FOUND 
THAT !U!L/ CATALYST PREPARED BY IMPREGNATION BECAME MORE 
ACTIVE  IN  BUTADIENE  HYDROGENATION  IF  AFTER  CALCINATION 
PERFORMED  TO  REDUCE  GOLD  THE  SAMPLE  WAS  WASHED  IN  HOT 
WATER WHICH REMOVED CHLORINE




OF  #/  VIBRATION  &IGURE  	  4HE  MAIN  #/  BAND  AT  LOW 
WAVENUMBER  CM	 WHEN THE SAMPLE CONTAINS CHLORIDES 
&IGURE B	 IS AN INDICATION OF THE PRESENCE OF !UD SPECIES )T IS 
POSSIBLE  THAT  THE  !UD  SPECIES  HAS  A  LOWER  ABILITY  TO  ADSORB 
UNSATURATED MOLECULES ANDOR TO DISSOCIATE HYDROGEN AND AS 
A CONSEQUENCE IS RESPONSIBLE FOR LOWER CATALYTIC ACTIVITY )T  IS 
ALSO  POSSIBLE  THAT  THE  !UD  SPECIES  STABILISE  REACTION 
INTERMEDIATES SUCH AS THE HALF HYDROGENATED ALKENE LEADING 
TO  A  DECREASE  OF  THE  FRACTION  OF  FREE  GOLD  SITES  AND  AS  A 










IS  A  DIRECT  RELATIONSHIP  BETWEEN  ELECTRONIC  AND  CATALYTIC 
PROPERTIES OF GOLD IS STILL A MATTER OF DISCUSSION
#ONCLUSION





MAIN  REASON WHICH WAS  INVESTIGATED  IN  THIS  PAPER  IS  THAT 








4HE  RESULTS  SHOWED  THAT  THE  METHOD  OF  DEPOSITION
PRECIPITATION WITH UREA LEADS TO SMALLER GOLD PARTICLES AND TO 
MORE ACTIVE CATALYSTS THAN ANIONIC ADSORPTION OR IMPREGNATION 
-OREOVER EVEN  FOR  THE  SAME GOLD PARTICLE  SIZE DEPOSITION
PRECIPITATION  WITH  UREA  PROVIDES  MORE  EF½CIENT  CATALYSTS  IN 
SELECTIVE  HYDROGENATION  PROBABLY  BECAUSE  OF  THE  SMALLER 
CONCENTRATION OF CHLORINE PRESENT IN THE SAMPLES 
)T WAS ALSO  FOUND  THAT  THE CATALYTIC BEHAVIOUR DOES NOT 
DEPEND  ON  THE  NATURE  OF  THE  SUPPORT  PROVIDED  THAT  THE 
OTHER PARAMETERS ARE IDENTICAL SAME PREPARATION METHODS 
GOLD  LOADING  AND  GOLD  PARTICLE  SIZE    )T  DOES  NOT  DEPEND 
EITHER ON THE GOLD PARTICLE SIZE AT LEAST WITHIN THE RANGE OF 
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